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From (33),
,**-**    p ±U + %d~e ' whence
or
.(35)
Equation (35) cannot be satisfied by any real value of 0.    If we write 6 -we get in place of it,
or
and in place of (34),

.(36)
.(37)
The series of admissible values of 0, given by (36), extends to infinity, but the higher roots correspond to small values of n9, which are of little interest. Whether the equilibrium be stable or unstable, the most important root is tlw smallest. It lies in the first quadrant, and is given by the second alternative of (36). The progress of n2 as a function of M is easily traced. When M is small, <f>* = ski, and gfBjn* = _ 2/kl, which leads to *» = - gk (a-, - a^/to, the known result for a rapid transition. As kl increases, ±<j> ranges from 0 to |TT and 0»/4*«J» or cot* £</> ranges from infinity to zero. Thus the numerical value of n2 continually increases, until for an infinitely small wave-length it approaches the finite limit -gj3, beyond which it cannot pass. The principal result of the substitution of a gradual for an abrupt transition is to arrest the further increase of n\ after the wave-length has diminished so far as to become comparable in magnitude with the thickness of the layer of transition. In the case of the limiting value of n', the length of the equivalent pendulum is
I -f- (log o-a - log o-j).
If, for example, the extreme difference of densities amounted to one per cent., the length of the equivalent pendulum would be 100 times the thickness of the layer of transition.
For actual calculation (36), (37) may advantageously be written
=   <> x
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the right-hand member of (39) being equal to unity, when kl is small. Ascribing arbitrary values to J0, we can readily calculate corresponding values of kl and pj/sin8^, and thus exhibit the effect upon the equilibriumd, when 2 = 0, dwjwdz — +k.    Thus, by (21), the boundary conditions are
